INTRODUCTION
Kefir is a popular fermented milk and one type of light alcoholic beverage. Kefir grains are usually used as a starter in the Caucasian regions. It is known that kefir grains consist of a gel matrix in which the microflora of yeasts and lactic acid bacteria are embedded (1, 9) . Lactobacillus kefiranofaciens isolation from kefir grains has been reported to produce a water-soluble exopolysaccharide known as kefiran (4, 8, 21). The exopolysaccharide produced by L. kefiranofaciens has a molecular weight of approximately 1.0 x 106, and is composed of a branched hexa-or heptasaccharide repeating unit containing approximately equal amounts of D-glucose and D-galactose residues. This structure is believed to be the same as that extracted from kefir grains (6, 11, 12). The gel obtained from the kefiran solution lacked rigidity, but its strength could be improved by adding ethanol or mixing with either K-carrageenan or xanthan gum. These gel-forming characteristics and rheological properties of kefiran showed that kefiran could serve as a food thickener (13, 17 Growth and exopolysaccharide production in a culture broth of L. kefiranofaciens. The medium used for both the preparation of inocula and maintenance was MRS broth. L. kefiranofaciens was precultured in MRS broth at 33°C for 48 hr, and then inoculated into each experimental medium at an inoculum size of approximately 106 CFU/ml. After the removal of air by introducing carbon dioxide into the broth, L. kefiranofaciens was cultivated at 33°C for seven-day with the pH controlled at 5.0 by the addition of 5 N sodium hydroxide solution. The viable cell counts and levels of exopolysaccharide produced were determined.
The sample of cultured broth was suspended , and serially diluted 10-fold in an anaerobic diluent (0.45% KH2PO4, 0.6% Na2HPO4, 0.05% cysteine hydrochloride, 0.05% Tween 80, 0.1% bacto-agar). One-hundred microlitres of appropriate dilutions were cultured on plates of MRS agar (OXOID Ltd., UK) at 33°C for seven-day under anaerobic conditions established using an ANAERO PACK ANAERO (Mitsubishi Gas Chemical Co., Inc., Japan), and the colonies of L . kefiranofaciens were then counted.
To extract the total exopolysaccharide from both culture supernatant and capsulated cells, the culture was heated in a boiling water bath for 30 min and then cen-trifuged at 10,000 •~ g for 15 min to remove the cells. time of 2 hr was used to prepare the RH medium due to the fact that the starch fraction was essentially hydrolyzed into glucose.
Hydrolysis of Protein
The protein fraction was hydrolyzed by pepsin (0.012% of the rice weight) and trypsin (0.47% of the rice weight) at 50°C, pH 1.8 and 50°C, pH 8.0, respectively. The samples obtained at different indicated times up to 5 hr were analyzed and compared with an untreated sample.
The hydrolysis of each individual protein presented in the protein fraction was estimated by 20% SDS-PAGE (Fig. 2) . The results showed that bands corresponding to high-molecular-weight proteins gradually disappeared during the incubation period, while those representing several peptidic fragments appeared .
The peptides digested by pepsin for 4 hr were used to prepare the RH medium because the peptides generated after enzymatic cleavage of the proteins by pepsin had more extensive and varied band distributions ( Fig.  2A ) than those cleaved by trypsin (Fig. 2B) . In addition, among the samples digested by pepsin for different times from 1 hr to 5 hr ( Fig. 2A) , the sample for 4 hr appeared to have the most peptides with low molecular weights between 14.4 kDa and 30.0 kDa. obtained using RH medium in the 5-l jar fermentor.
DISCUSSION
Recently, there have been some reports regarding the media used in the cultivation of L. kefiranofaciens and optimum culture conditions for the production of exopolysaccharide (3, 10, (20) (21) (22) (23) (24) . Among the media used in these studies, KPL medium and IKPL medium contained an expensive component of white table wine. The yield of exopolysaccharide was only 20 mg/l of in the KPL culture and 80 mg/l in the IKPL culture (20, 21) . MRSL medium was used for the production of kefiran by Lactobacillus sp. KPB-167B isolated from kefir grains. In this medium, trypton, yeast extract, meat extract and triammonium citrate were used as nitrogen sources, and lactose as the carbon source. The highest broth yield obtained was 2.04 g/l (22) . Modified MRSL medium also gave a yield of 2g/l of purified kefiran from the culture supernatant of the LM-17 strain that was a ropy Lactobacillus strain isolated from kefir grains (10). However, all of these studies were conducted on a limited scale in laboratories.
In the present study, utilizing traditional food rice as the peptone and carbon sources, we developed an RH medium that does not contain white table wine, trypton or meat extracts (Table 1) . Using PYG 10 medium as the basal medium, the polypepton and glucose in PYG 10 medium were replaced with rice protein hydrolyzate and rice starch hydrolyzate, respectively. Therefore, a new medium was obtained for exopolysaccharide production.
Regarding the peptone source in each medium, polypepton (Nihon Seiyaku Co., Ltd., Japan) digested from casein by trypsin was used for preparing the PYG 10 and PYL 10 media, while the peptides from rice protein hydrolyzate were used for the RH medium. In comparing the PYG 10 and PYL 10 media for their abilities to grow L. kefiranofaciens and produce exopolysaccharide, the viable cell counts in PYL10 medium were found to be higher than those in PYG 10 medium within four-day, and the yield of exopolysaccharide in PYL 10 medium was higher than that in PYG10 medium throughout the entire seven-day culturing period. These results reveal that lactose used as the carbon source is more effective than glucose for growing L. kefiranofaciens and producing exopolysaccharide. This result is in good agreement with the results of a prior report (22) . However, an interesting point was found: when RH medium is used to incubate L. kefiranofaciens, the highest level of exopolysaccharide production is achieved, even though the amount of rice protein hy-drolyzate (0.35%) in the RH medium is 4.3 times less than that of the polypepton (1.5%) in PYG 10 and PYL 10 media, and glucose from rice starch hydrolyzate (not lactose) was used as the carbon source in the RH medium (Table 1) . As shown in Fig. 3B , the yield of exopolysaccharide in RH medium at pH 5.0 for seven-day was 2.16 g/l, while the yields in PYG 10 and PYL 10 media were 0.54 g/l and 0.90 g/l, respectively. These results suggest that the peptides from rice digested by pepsin are more effective in exopolysaccharide production than those from casein digested by trypsin.
As a continuing study aimed at the large-scale cultivation of L. kefiranofaciens for the mass-production of exopolysaccharide, pure culturing of L. kefiranofaciens using a 500-l tank was experimentally conducted, even though there were no related reports found. As a result, exopolysaccharide production at a rate of 2.5 g/1 was successfully achieved using L. kefiranofaciens in RH medium. This result suggests that it is possible to obtain effective industrial-scale production of exopolysaccharide using L. kefiranofaciens in RH medium.
In addition, compositional analysis, methylation analysis, specific rotation and 1H and 13C NMR spectroscopy revealed that the structure of exopolysaccharide from RH medium is essentially identical to that of kefiran reported in previous studies (10, 12). The details of these experiments will be reported elsewhere.
Because kefir and rice are both traditional foods, the high safety of exopolysaccharide kefiran produced by the process of using the L. kefiranofaciens strain isolated from kefir grains and RH medium that contained rice hydrolyzate could be considered. Physiological effects, such as change in blood pressure and blood serum lipids, resulting from exopolysaccharide (OSKC) produced by L. kefiranofaciens in RH medium are now being investigated in our laboratory. It is anticipated that kefiran can be applied more extensively.
